Cell and Developmental Biology, University of Illinois, Urbana-Champaign, IL, USA. Cell-cell adhesive contact is a central player in mechanotransduction, providing both mechanical support and a hub for signaling. Yet, the molecular mechanism is poorly defined, partly due to a lack of cell culture model to mechanically manipulate tension at cell-cell contacts. Here, using live cell imaging of a-actinin, we showed that MDCK cells exhibit many cellular behaviors of epithelial cells in vivo, including (1) oscillating contractility of the adherens junction, (2) pulsatile centripetal cellular contractions, and (3) ratchet constrictions of apical junctional domain. We hypothesized that pulsatile contractions participate in the maturation of junctional complexes. To test our hypothesis, we applied cyclic pulsatile tension to cell-cell contacts in confluent cell monolayers. We found that pulsatile intercellular tension induces recruitment of a-actinin-4 to the adherens junction in a time and tension-dependent manner without changing the localization of canonical adherens junction proteins, suggesting that a missing factor is involved. We have identified this missing factor as synaptopodin. Synaptopodin recruitment to the adherens junction is also tension-sensitive, which is necessary for generation of contractility at cellcell adhesions. Recruitment of a-actinin-4 strengthens cell-cell adhesion and promote epithelial permeability barrier. Thus, by controlling the mechanical force generated through apical contractility, epithelial cells can adjust the strength of cell-cell adhesion and the maturation process of adherens junction maturation. Conversely, synaptopodin dictates the efficiency of mechanicalbiochemical coupling between contractility and junction assembly through the recruitment of a-actinin-4. Our studies reveal a tunable molecular system with both mechanical and biochemical inputs and underscore the complexity of junction assembly in epithelial monolayers in vivo and in cultured cell systems.
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Two Distinct Actin Networks Mediate Traction Oscillations to Confer Mechanosensitivity of Focal Adhesions Zhanghan Wu, Sergey V. Plotnikov, Clare M. Waterman, Jian Liu. NHLBI, National Institutes of Health, Bethesda, MD, USA. Adherent cells actively sense the mechanical stiffness of their extracellular matrix (ECM) by exerting traction force through focal adhesions (FAs), which are integrin-based protein assemblies. Also, FAs control cell spreading, proliferation, survival, differentiation, and migration. FA-mediated mechanosensation underlies cell durotaxis -the tendency of most cell types to migrate toward stiffer microenvironment. Strikingly, FA-mediated traction forces oscillate in time and space, and this oscillation governs durotaxis. The interactions underlying this intriguing spatio-temporal pattern of FA traction force are unknown, as are the contributions of these interactions to this mechanosensation. To address these questions, we established the first coherent, experimentally validated model of FA formation. The model integrated the spatiotemporal coordination between a branched actin network and stress fibers during FA growth. Our model predicted that retrograde flux of branched actin network contributed to a traction peak near the FA distal tip and that stress fiber-mediated actomyosin contractility generated a second traction peak near the FA center. Furthermore, a negative feedback loop involving formin-mediated stress fiber elongation and actomyosin contractility developed and resulted in oscillation of the center traction peak. This oscillation competed with the distal traction peak, and the competition underpinned oscillation of the FA traction maximum in time and space. More importantly, this negative feedback loop broadened the substrate stiffness range, over which the FAs could accurately adapt with traction force generation. Our findings shed light on the fundamental mechanism of FA mechanosensation and durotaxis. Institut Jacques Monod, CNRS, Université Paris Diderot, France, France. Shaping, maintenance and repair of adult tissues require fine-tuning of cell-cell adhesion. a-catenin, a cytoplasmic adapter links the actin cytoskeleton to cellcell junctions, plays a central role in regulation of the cell-cell adherence. This regulation requires binding of a-catenin to vinculin in a force dependent manner. By stretching single a-catenin construct using magnetic tweezers, we find that force in physiological range can expose the vinculin-binding sites buried in a-catenin, drastically promoting subsequent binding of the head domain of vinculin with a nanoMolar affinity. The bound vinculin head then irreversibly locks a-catenin in its unfolded conformations after force is released. The bound vinculin head can however be displaced at high forces > 30 pN, resulting in a biphasic force dependent binding of a-catenin to vinculin head. Further, we find that full-length vinculin also binds to mechanically unfolded a-catenin, implying release of the auto-inhibition conformation of full-length vinculin. Together, these results provide important insights into mechanosensing at cell-cell adherence.
903-Plat Mechanical Activation of a-Catenin and Vinculin
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Molecular Regulation of Actin Turnover at the Leading Edge of Migrating Cells Brannon R. McCullough, David J. Odde. Biomedical Engineering, University of Minnesota, Minneapolis, MN, USA. Actin couples molecular motors to extracellular adhesions and its turnover regulates cell polarization and protrusion efficiency. Actin filament turnover is regulated by polymerization and depolymerization at the ends, which is increased by severing filaments internally. To determine how these reactions affect F-actin turnover rate we simulated the molecular mechanisms revealed by experiments and determined the ODEs for changes in the average filament length and number of filaments that determine total F-actin. These results Monday, February 9, 2015 179a 
